The Drosophila neurodegeneration gene swiss-cheese encodes a neuronal protein apparently involved in glia-neuron interaction and is homologous to human NTE, the molecular target of organophosphate-induced neuropathy. The isolated Msws/NTE gene is 96% identical to NTE. During development the Msws transcript is expressed in the embryonic respiratory system, different epithelial structures and strongly in the spinal ganglia. Postnatally, Msws mRNA is expressed in all brain areas, with an increasingly restrictive pattern. In adult mice expression is most prominent in Purkinje cells, granule cells and pyramidal neurons of the hippocampus and some large neurons in the medulla oblongata, nucleus dentatus and pons. q
Introduction and results
The Drosophila swiss cheese (sws) mutant is characterized by age-dependent neurodegeneration, massive apoptosis and early death. The neuronal expression (sws is expressed in most neurons) and the phenotype suggest an involvement in neuron-glia interaction during development of the adult CNS (Kretzschmar et al., 1997) .
Cloning and sequencing have revealed that SWS belongs to a new protein family ( Fig. 1 ) which includes the recently cloned human neuropathy target esterase (NTE) (Lush et al., 1998) . NTE is a neuronal, membrane bound protein with serine esterase activity against non-physiological substrates (Johnson, 1982; Glynn et al., 1998) but with no signi®cant homology to any known serine esterase or protease outside the active site (Lush et al., 1998) . NTE is the molecular target of organophosphate(OP)-induced neuropathy and is characterized morphologically by degeneration of large axons in the peripheral nerves and spinal cord and clinically by¯accid paralysis of the lower limbs (Lotti, 1992) . Apart from SWS and NTE all other members of this family are conceptual proteins of unknown function deduced from genome sequencing projects.
To investigate NTE/SWS in a vertebrate model organism, we cloned the mouse homologue. MSWS and NTE are 96% identical, the mouse and the Drosophila protein share 39% identical amino acids (a partial comparison is shown in Fig.  2 ). Hydrophobicity blots suggest, as in DSWS and NTE, one to four transmembrane domains (Fig. 1) .
Msws mRNA was expressed as a 4.4 kb transcript in adult and neonatal mouse brains and in head areas of embryos E-mail address: doris.kretzschmar@biologie.uni-regensburg.de (D. Kretzschmar) 1 Both authors contributed equally to the work presented. from E14 (the earliest stage analysed). Transcript levels attained adult levels by one day after birth (Fig. 3 ). Sense and antisense Msws cRNA probes were used to hybridize tissue sections of murine embryos prepared between stages 9 p.c. to 15 p.c. The ®rst signals were detected in the mesonephric and metanephric ducts (arrows Fig. 4C,D) , followed by expression in the collecting duct system at day 13 p.c.
(arrows E,F). In the nervous system Msws was expressed in the cranial and dorsal root ganglia from stage 11 p.c. on and increased over the next days in the cranial and spinal ganglia but remained low in the primordia of the brain and spinal cord (Fig. 5) . During later stages novel sites of expression were detected in the gut epithelium at day 13 p.c. (Fig. 4B ) and in the olfactory, pharyngeal and tracheal epithelia at day 15 p.c. (Fig. 4A,G,H) . In-situ hybridization of postnatal brain sections revealed an almost ubiquitous expression in all brain areas of young mice (Figs. 6A and 7A ). Reaching adulthood, the expression pattern is more and more con®ned to a subpopulation of large neurons in various brain regions, including the cortex, olfactory bulb, midbrain, thalamus, hypothalamus, pons and medulla oblongata (Fig. 6B±F ). Most prominent staining was visible in pyramidal and granule cells in the hippocampus (Fig. 7B,D) and Purkinje cells in the cerebellum (Fig. 8) .
Msws expression outside neuronal tissues occurred in the ependyma and the choroid plexus.
The preferential expression in large neurons in adult murine brain is in agreement with immunohistochemical studies of NTE in adult chicken brains, which revealed that neurons with large cell bodies gave the most intense immunostaining .
Materials and methods

cDNA isolation
A NTE cDNA fragment (kindly provided by M.D. Adams, Institute for Genomic Research, Gaithersburg) Fig. 6 . Neuronal expression of Msws in the murine brain. In-situ hybridization to sagittal sections reveal an expression in most brain areas of a one week old mouse (A). In the adult brain (B, 1-year-old) expression is most prominent in the pons (arrow in B), colliculus inferior in the midbrain (arrowhead in B) and hypothalamus. In other brain areas Msws is con®ned to large neurons, including speci®c neurons in the nucleus dentatus (C), medulla oblongata (E) and cerebellum (magni®cation, see Fig. 8 ). Corresponding bright ®eld pictures are shown in D,F. me, medulla oblongata; ce, cerebellum; mb, midbrain; th, thalamus; hth, hypothalamus; co, cortex; st, striatum; bo, bulbus olfactorius. was used to isolate cDNAs from a lgt11-library from BALB/c adult brain (Clontech) with standard procedures (Sambrook et al., 1989) . The 5 H prime end was obtained by RACE (Version 2.0, Gibco BRL). Sequencing was performed with the Thermo-Sequenase system (Amersham) and the ALFexpress (Pharmacia). Proteins were analysed with the Lasergene program (DNASTAR).
Northern and in-situ hybridization
Total RNA from heads and brains was isolated and analysed in Northern blots using standard procedures (Sambrook et al., 1989) . In situ hybridization to 5 mm paraf®n sections of embryos and adult brain specimens was performed as described previously (Moser et al., 1995) . Fig. 8 . Expression of Msws in the cerebellum. Shown are sagittal brain sections from 2-day-old (A,B), 1-week-old (C,D), 6-month-old (E,F) and 1-year-old (G,H) mice. Staining is already visible in the 2-day-old brain in a broad layer, including the still undifferentiated Purkinje cells (p). No expression is detectable in the external granular layer. In adult animals Msws is con®ned to the Purkinje cells, leaving the internal granula layer unstained (E,G). igl, internal granular layer; egl, external granular layer.
